ABSTRACT. The effects of crude thymus extract on the immune response and protection against challenge with virulent infectious bursal disease virus (IBDV) were studied in one-day-old chick. Oral administration of thymus extract (1 ml/kg) markedly and significantly increased the total protein, albumin, globulin, Tri-iodothyronine (T3), Thyroxine (T4) and the body weight gain in one-day-old chick. In addition, it increased the total lymphocytic count over four weeks after administration. Although vaccination also increased total protein, globulin, T4 and the total lymphocytic count but it significantly decreased the body weight gain of the chick and administration of thymus extract, before, during or after vaccination markedly improved the vaccination effectiveness with significant elevation of the globulin level and body weight gain of the chick. It also prevented the decrease in the relative weights of bursa, spleen and thyroid gland which commonly prevailed during vaccination. Chicken administered thymus extract and vaccinated with infectious bursal disease (IBD) vaccine showed 100 % protection against challenge with IBDV. Meanwhile the vaccinated non-thymus treated group exhibited 80% protection against IBDV challenge. These results indicate a potentiating effect of thymus extract on the immune system in baby chick. These findings are supported by ELISA results that showed a marked increase in antibody titers in thymus treated groups. Additionally, microscopical examination of the bursa and the existent lymphoid hyperplasia in thymus treated groups but not vaccinated group support our findings.-KEY WORDS: chicken, IBDV, immunopharmacology, thymus extract.
stimulation of the defence mechanism is of great importance for prevention of all sorts of immunosuppressive influences in poultry breeding Nowadays, the use of thymus preparations is permitted in poultry industry in the USSR because of researches which proved that thymus homogenate enhances the natural resistance of calves and piglets [26] . On the other hand, subcutaneous injection of synthetic thymuline failed to modify the state of Marek's disease and did not prevent the development of necroscopic tumour. Nevertheless, it resulted in significant suppression of the cellular immune response [31] . So, in the present paper we investigated the effect of crude thymus extract on the immune response and body weight gain of one-day-old chick. In addition, we tested the effect of thymus extract on the protective action of IBD vaccine against challenge with virulent IBDV.
MATERIALS AND METHODS
Chickens: Baladi broiler chickens obtained as one day old and weighing about 40-50 g were used in this study. They were obtained from Baladi poultry laboratory, Egypt, kept on a wire net floor, maintained on a balanced ration, obtained from the General poultry company, Egypt, and watered ad libitum. No drugs or vaccines were given to the chickens along the course of experiment except those under investigation.
Preparation of thymus gland extract: The thymus extract was obtained as previously described in detail elsewhere Since its recognition in the USA at 1962 by Cosgrov [10] , infectious bursal disease (IBD) of chicken has been known to assume a worldwide acute form with mortalities of up to 30%. Infectious bursal disease was first recorded in Egypt by El-Sergany et al. [17] and Ayoub and Malek, [3] . During 1989 and 1994/1995, severe outbreaks of IBD occured in several chicken flocks in Egypt which resulted in high mortalities reaching 30%-70% in layer pullets and meat type broiler [15, 21, 33] . The disease occured in vaccinated and non-vaccinated flocks due to very virulent IBDV (vvIBDV). Although a precaution were made to use intermediate vaccinal strain together with frequent vaccination and to delay primary vaccination to avoid interference with maternal immunity, outbreak continued to occur in many flocks applying different vaccination programs with intermediate and/or oil-adjuvant vaccines.
Modern pharmacology has a wide range of immunotropic drugs. If they activate the immune system functions, they are called immunostimulator; they are called immunodepressor in the case of suppression of immunity. The immune system may be considered as a combination of lymphocytes, macrophages and also unphagocytic accessory cells. Lymphocytes are the main bodies and among them the thymus, T-lymphocytes, and bursa of Fabricius, Blymphocyte [30] . Although this is true but non-specific [26, 30] . Briefly, 100 g of chicken thymus tissues are homogenized and gradually diluted 1:10 by phosphatebuffered saline. The prepared samples remained for two hours at room temperature, then heated at 60°C in a water bath for 30 min, boiled for two min, passaged through a filter paper (Whatman filter paper No. 2, Whatman Int. Ltd., Maidstone, England) and then autoclaved for an hour at 120°C. The prepared thymus extract was adjusted to contain 0.05 g/ml and was orally administered at a dose of 1 ml/ chick in drinking water for 14 days.
Antisera: Polyclonal antisera against standard serotype I reference vaccine strain D-78 were prepared in California rabbit by 3 subcutaneous and 2 intramuscular injection of virus suspension in incomplete Freund's adjuvant at 3 weeks interval. Antisera were obtained at 3 weeks after the last injection according to the method described by Tanimura et al. [39] . Antisera were used for detection of IBDV antigen in bursal homogenate of challenged groups using ELISA.
Chickens Grouping: Two experiments were carried out; the first experiment was conducted to study the effect of thymus extract on the humoral immune response, total lymphocytic count, weight of lymphoid organs and body weight gain. In this experiment, two groups of thirty, oneday-old, chicks each were used. The first group was used as a vehicle-treated control while the second group was orally administered thymus extract in a dose of 1 ml/bird daily for 14 days. Blood samples were collected every 15 days for 45 days for determination of total lymphocytic count and serum was separated for determination of total protein, albumin, globulin, Tri-iodothyronine (T3), Thyroxine (T4). Body weight gains of birds were recorded weekly for 45 days.
In the second experiment, two hundred one-day-old chicks were used to evaluate the effect of thymus extract on the protective effect of IBD vaccine. They were divided into 5 groups of 40 chicks each. All birds except the first group (non-vaccinated control) were vaccinated at day 15 with IBD vaccine (Ivaz, Italy). The second group was left as vaccinated control while the third group administered thymus extract in a dose of 1 ml/chick for 14 days before the time of vaccination. The fourth group administered thymus extract at the same dose for 7 days before vaccination and 7 days after vaccination, whereas the fifth group administered the same dose of thymus extract directly after vaccination for 14 days.
Blood samples were obtained immediately before vaccination and two weeks later, then weekly for 45 days for determination of total leucocytic count and serum was separated for determination of total protein, albumin, globulin, T3, T4 and for serological identification. Body weight gains of birds were recorded weekly for 45 days. Fifteen days after vaccination (at day 30), all groups were subdivided into two subgroups and one subgroup of them was challenged with a vvIBDV, identified and titrated to contain 100 infective dose 50 in 0.05 ml, by intramuscular injection. Mortality rates were recorded for 15 days post challenge.
At the end of the experiment, five birds were randomly selected from each subgroup, slaughtered and lymphoid organs (thyroid gland, spleen and bursa of Fabricius) were dissected out and weighed. The Bursa/body weight ratio were calculated according to the formula of Lucio and Hitchner [23] .
Bursa/body weight ratio of infected birds B/B. weight index = Bursa/body weight ratio of control birds
In addition, all organs were grossly examined and specimens from bursa of Fabricius from each subgroup were taken and fixed in 10% buffered formaline, embeded in paraffin, sectioned at 5 microns, stained with Haematoxylin and Eosin [24] , and examined microscopically. All sections were then scored from zero to 5 for lesions according to the criteria of Skeeles et al. [37] . Bursae with scores of 3, i.e. over 50% of the follicles exhibiting severe lymphocyte depletion, were considered to be damaged while those with scores of 4 & 5 showing more damage, i.e. loss of all follicular architecture, were considered to be severely damaged.
Collection of blood samples: Blood samples were collected from the jagular vein of each chicken in duplicate. The first sample (0.5 ml) was taken in dry vial containing 2 drops of heparine to be used for total leucocytic count according to Schalm [35] , while the second blood sample (2 ml) was taken without anti-coagulant for separation of serum. Serum sample was divided into two aliquotes; one for measurement of total protein according to Cornall et al. [9] , albumin according to Doumas [14] , T3 according to Cooper [8] and T4 according to Schall et al. [34] and the second one for serological test (ELISA).
ELISA test: ELISA was used to detect the presence of antibodies to IBDV in sera of chicken administered thymus extract and/or vaccinated with IBD vaccine as well as detection of IBDV antigen in bursal homogenates from infected chicken and challenged with very virulent strain according to Snyder et al. [38] . Serum samples were assayed at a final dilution of 1:500 for antibodies to IBDV using commercial ELISA system test kits (Flock-check Agritech system, Portland, Marine). The test was done according to the directions supplied by the manifacturer. ELISA started by adding 6 µl of high quality serum sample to the test plate coated with IBDV antigen and adding the conjugate (peroxidase-labeled anti-chicken IgG), and finally adding the substrate. After two hours, the amount of color developed is directely proportional to the amount of antibody specific for IBDV in the serum sample. Spectrophotometric reading of light absorbance for each test sample was then performed at wave length: 405 nm and ELISA titres were logarithmically transformed.
Tissue specimens: Dead or killed challenged birds with vvIBDV were sacrificed. The bursa of Fabricius were collected and their bursal homogenate was then used as antigen to be tested against IBD hyperimmune serum, prepared in rabbit according to El-Sanousi et al. [16] .
Statistical analysis:
The data were expressed as the mean ± SE and analysed with one-way analysis of variance followed by Dunnett's test. Comparison between two groups were made by the student's t-test. Difference with a p<0.05 was considered statistically significant.
RESULTS

Effect of thymus extract administration in one-day-old chick:
As shown in Table 1 , oral administration of crude thymus extract (1 ml/chick) markedly and significantly increased the total protein, albumin, globulin, T3, T4 and the body weight gain in one-day-old chick. The effects were persistent over the recording period. Thymus extract also increased total lymphocytic count over 4 weeks after administration.
Effect of thymus extract administration on vaccinated chick: As shown in Table 2 , vaccination increased the total protein, globulin, T4 and total lymphocytes of chicken. In addition, it decreased body weight gain of the chick over two weeks after its application (Fig. 1) . Administration of thymus extract before, during or after vaccination significantly improved the vaccination effectiveness and a significant difference was obtained in the globulin level between vaccinated group and vaccinated-thymus-treated group. Similar difference was obtained in body weight gain of vaccinated and vaccinated-thymus-treated chicken specially when thymus extract was administered before vaccination Effect of thymus extract administration on relative weights of bursa, spleen and thymus glands in vaccinated chick: As shown in Table 3 , vaccination has a tendency to decrease the relative weights of bursa, spleen and thymus glands by the end of the experiment. In contrast, when thymus extract was administered before vaccination, it increased the relative weights of bursa, spleen and thymus glands and only of spleen and thymus glands when it is administered during vaccination.
Results of ELISA in chicken vaccinated with IBD: As shown in Table 4 , vaccination increased the antibody titer as revealed by ELISA. A marked increase in antibody titers were observed in vaccinated-thymus-treated chicken in comparison with the vaccinated group.
Pathological finding: As shown in Fig. 2 , non-vaccinated non-challenged vehicle-treated control group showed no gross or microscopical abnormalities but all of them exhibited the lesion of IBDV after challenge. Grossly, enlarged and edematous bursa were observed. Microscopically, some follicles showed multifocal necrosis with severe lymphoid depletion (Fig. 3) and the other follicles showed edema in between the follicles (Fig. 4) . Bursa from vaccinated chicken showed mild focal necrosis of the lymphoid follicle in 20% of this group after challenge with IBD virus (Fig. 5) while bursa from thymus treatedvaccinated chicken showed 100% protection against the IBDV challenge (Table 5 ) and microscopical examination of this group showed lymphoid hyperplasia in the bursa (Fig. 6) .
DISCUSSION
In the present study, administration of crude thymus extract significantly increased total blood protein and globulin with marked increase in the total lymphocyte count. These results indicate a potentiating effect on the immune system in normal chick. The marked elevation observed in the level of T3 and T4 could explain the activation of the immune system since Rober et al. [32] and Kaneko et al. [20] found an inverse relationship between hyperthyrodism and hypocorticocism and that the immunosuppressive action of corticosteroid is reversed by hyperthyrodism. Our results are consistent with Nikttinko et al. [26] who found that thymus homogenate increased T-lymphocytes, total blood protein and haemoglobin concentration when administered to calves or piglets.
The thymus gland plays an important role in the maturation of T cells, [6] . The integrity of the immune system and, in particular, the presence of intact thymus, plays a major role in the course of many diseases affecting chicken such as IBD and Marek's disease. Atrophy of the thymus gland, occurs during the course of such diseases, and was associated with progressive decrease in the secretion of thymus hormones as demonstrated by Coudert et al. [11] . Thymulin is a factor previously found in the sera of mice, pigs and humans which rapidly disappeared after thymectomy, suggesting its thymic dependency [4] . The existence of a factor secreted by the thymus in chickens has been evoked by other authors since Potworowski et al. [29] identified a soluble thymic factor localized with a specific antiserum in reticulo-epithelial thymic cells and able to act on T-cell differentiation. In addition, Coudert et al. [11] have identified a thymulin-like activity in chicken sera and that injection of purified or synthetic thymulin reinduces the appearance of a thymulin activity in the sera of thymectomized chicken. A number of peptides has been Fig. 1 . Effect of thymus gland extract on body weight gain in vaccinated chick. Thymus extract (1 ml/chick/os) was administered either before ( ), during ( ) or after ( ) vaccination. Body weight was recorded weekly as Mean ± T. protein (g/l) 32.9 ± 1.2 47.9 ± 1.5* 65.8 ± 1.5** 60.3 ± 1.9** 53.6 ± 1.9** Albumin (g/l)
13.6 ± 0.7 14.8 ± 0.8 13.6 ± 0.8 14.0 ± 0.8 13.5 ± 0.7 Globulin (g/l)
19.3 ± 1.1 33.1 ± 11.1** 42.3 ± 1.2** # 46.3 ± 1.5** # 40.1 ± 2.5** # Two T 3 (ng/ml) 1.01 ± 0.2 0.6 ± 0.03 1.3 ± 0.3 0.9 ± 0.01 1.8 ± 0.2 T 4 (µg/dl) 6.8 ± 1.2 30.0 ± 5.3** 32.1 ± 3.1** 7.2 ± 4.1 15.2 ± 3.3* Lymphocyte 60.3 ± 0.1 63.5 ± 2.5** 84.2 ± 1.8** 76.4 ± 0.5* 74.5 ± 1.8* T. protein (g/l) 33.8 ± 1.0 54.1 ± 1.8** 96.5 ± 15.1** 82.7 ± 6.4** 75.8 ± 7.2** Albumin (g/l)
14.2 ± 0.8 14.9 ± 1.0
19.6 ± 1.5 39.3 ± 2.5** 81.4 ± 14.9** # 67.4 ± 7.0* # 59.7 ± 7.4* Three T 3 (ng/ml) 0.6 ± 0.07 0.8 ± 0.08 1.8 ± 0.2** 1.3 ± 0.2** 1.6 ± 0.3** T 4 (µg/dl) 7.1 ± 2.1 21.2 ± 3.2* 25.1 ± 2.4* 27.3 ± 5.1** 28.3 ± 4.1** Lymphocyte 64.8 ± 0.9 83.9 ± 0.2** 83.3 ± 0.8** 78.1 ± 1.5* 78.3 ± 2.1* T. protein (g/l) 34.4 ± 0.6 53.1 ± 1.9** 91.4 ± 11.8*** 86.6 ± 6.6** 76.8 ± 6.3** Albumin (g/l)
13.0 ± 0.7 13.6 ± 0.9 14.5 ± 0.3 13.8 ± 0.5 14.9 ± 0.5 Globulin (g/l)
21.4 ± 1.2 39.5 ± 2.5** 76.9 ± 9.9** # 72.8 ± 6.3** # 61.8 ± 5.9* # Four T 3 (ng/ml) 0.9 ± 0.1 1.3 ± 0.3 1.6 ± 0.6 1.1 ± 0.2 1.9 ± 0.6** T 4 (µg/dl) 6.9 ± 1.8 28. isolated from calf and rat thymus extract such as prothymosin α1 [19] and thymosin α1 [18] and showed activity in various immunological test systems in human and murine [5, 22] . The active compound in crude thymus extract was identified as heat stable and bigger than 5 kDa as confirmed by gelfiltration [36] . From the pharmacological point of view, the active component(s) that may exist in the extract obtained from chicken thymus in the present study seems to be similar to that isolated from calf or rat thymus. As it was demonstrated that administration of calf thymus extract prior to the exposure of mice to restraint stress counteract stress-induced immunosuppression. It is well known that environmental stressor deteriorate the immunological function of the defence system, increasing its possibility to infection, cancer diseases and autoimmune diseases [2, 28] . In addition, the immunosuppressive effect of acute stress is associated with the stimulation of hypothalamic -pituitary -adrenal axis leading to endogenous adrenalinemia concomittant with enhanced production and release of glucocorticoids [13] . It has been found that the increased level of glucocorticoids suppresses the endocrine activity of thymic epithelial cell and attenuating the maturation and differentiation of thymocytes [7, 25] . So, immunostimulants are used to counteract the effects of such environmental immunosuppressive factors and to potentiate the immune response of poultry to applied vaccines. With these ideas in mind, vaccination is one of the most important stress factor that bird faces along its life span. In this study, vaccination significantly decreased the body weight of the chick after its application and decreased the relative weights of the lymphoid organs. Administration of thymus extract before, during or after vaccination resulted in superior immune response as compared to vaccinated group. In addition, thymus administration resulted in high protection rate against morbidity and mortality among chicken challenged with vvIBDV. These findings are supported by ELISA results where ELISA titers showed marked increase in groups administered thymus gland extract. Similar results also was obtained using AGP test (data not shown). Moreover, results of microscopical examination of bursae were closely related and support our findings as lymphoid hyperplasia was found in vaccinated thymus treated chicken while mild focal necrosis of the lymphoid follicle was seen in the vaccinated non-thymus treated chicken. These results are in agreement with that of Obminsk-Domoradzka [27] who found that pretreatment of mice with calf thymus extract counteract the stress-induced immunosuppression. The protective and immunomodulating actions of thymus extract may be due not only to the induction of markers differentiating T-lymphocytes, but may also to an effect on T-lymphocyte and macrophage functions by stimulating the production of IL-2, IFN-γ and IL-1 [12] , since these cytokines are known to counteract the suppressive effect of glucocorticoids on proliferative activity of T-lymphocytes induced in vitro with mitogens [1] .
On the basis that the preparations of thymus-origin are safe in practice for animals, have no allergic , teratogenic, embriotoxic and mutagenic effects [30] , the present study concludes that administration of crude thymus extract to chicks stimulates the immune system, acts as a growth promotor and enhances vaccination effectiveness. 
